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The invention disclosed in this document resulted 
from research in aeronautical and space activities per- 
formed under programs of the National Aeronautics and 
Space Administration. The invention is owned by NASA and 
is, therefore, available for licensing in accordance with 
the NASA Patent Licensing Regulation {14 Code of Federal 
Regulations 1245.2). 

To encourage commercial utilization >f NAS/»-owned 
inventions, it is NASA policy to grant licenses to 
commercial concerns. Although NASA encourages nonexclu- 
sive licensing to promote competition and achieve the 
widest possible utilization, NASA will consider the 
granting of a limited exclusive license, pursuant to the 
NASA Patent Licensing Regulations, when such a license 
will provide the necessary incentive to the licensee to 
achieve early practical application of the invention. 

Address inquiries and all applications for license 
for this invention to NASA Patent Counsel, Langley Re- 
search Center, Mail Code 313, Langley Station, Hampton, 
Virginia. 23665. Approved NASA forms for application for 
nonexclusive or exclusive license are available from the 
above address . 
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Ihls Invention vli'^closos a h>porsonit air Orcal ;un<j luisslc 10 usimj dual 
mode stramjet (Migines L’U for (j?' 0 |)ul s ion. Ihr- fuselao'* ll is constructed 
of d mdterial b4 with a Inyh heat sirrk cuodUt/ artd covered with a 

theniuil protective shield SO and lined v.ilh an internai insulating blaniet 

5^. 

The enqine-aii fraiire integration uses the flat lower* portion 13 of the 
lower fuselage 11 to preconpress the air entering the scramjet engines 20. 
Tne procoT'.pression of air enterintj the scraiiijet inlets ?2 increases as 
the angle angles of attack. This feature results in a hi'ihly maneuverable 
missile which can actually accelerate as it banks into a turn. 

Another- aspect of the eruiine-alrframe i nteiiration is that the lower fuselage 
afterbody 26 serves as a nigh expansion ratio, low dnn nozzle I'or the 
scramjet engines ?0. This feature reduces che drag associated with a 
nozzle Integral with the scramjet engines. 

Use of a structural material 54 with a high heat sink rapacitv. such a:. 
Lockalloy or beryllium, r-r?sults in a missle tiiat is able to withstand the 
severe thermal environment of hypersonir flight. A th-'imal protective 
Shield 50 is added t) ensure that fuselage structure heat si'ik limits are 
not exceeded. 


The novelty of the inventio.; appi-ars to reside in eng me airframe int'op a* i' n 
of a hypi^rsonic dirbri'Uhincj n,iss1«* in combin.ilion witn t' • u'e uf a t'-o-' nIv 
protectf d heat sink stru tuial r.atrridl. 
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application for letters patent 

TO ALL WHOM IT H/iY CONCERltt 

BE IT KNOWN THA T James L. Hunt, Pierce L. Lawing and 
Don C. Marc un, Jr. 
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ORIGIN OK THE INVENTION 


The invention described herein was made by employees of the United 
States Governirent and may be manufactured and used by or for the Government 
for governmental purposes without the payment of any royalties thereon or 
5 therefor. 

BACKGR OUND OF INVEJTTJpft 

Present und future aerospace requirements indicate a need for cn air- 
breathing flight vehicle capable of operating at speeds up to and including 
the hypersonic region, capable of lorj range, capable of high maneuverabil ity, 
10 and capable of moderate acceleration. This invention relates to a hyper- 
sonic airbreatning lifting missile capable of meeting these roquirenents. 

Use of a dual mode scranijet, a jet that operates as a ramjet with subsonic 
combustion in the Mach 3 to Mach 5 region and operates as a scramjet with 
supersonic combustion at speeds above about Mach 5, provides the pro,oulsive 
15 power in the present invention necessary to achieve the desired speed range. 
The engine and airframe are "integrated" in the present invention so that 
air entering the dual mode scramjet engines is preenrnpressed by the flat, 
forward, lower portion of the fuselage, and the afterbody of the fuselage 
functions as a nozzle for the dual mode scramjzt etigines. The engine- 
20 airframe integration results in a highly efficient vehicle capable of long 
range, moderate acceleration, and high maneuverability. The present 
invention utilizes a heat sink material for construction of the fuselage with 
an internal insulating lining in order to withstand trie extreme thermal 
conditions encountered at hypersonic speeds. For longer duration missions 
25 an external thermal protective snield is added and of course the size of the 
missile is irrereased. 

DESCRIPTION OF J11E_PRI0_R.,ART 

The use of rangets and scrainjets as a means of missile or aircraft 
propulsion has previously been proposed. Those engines enable aircraft to 
30 achieve speeds in the hypersonic region, generally greater than Mach 4. 
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However, the long acceleration time and the Inefficiency of these engines 
at low speeds tend to limit operational advantages over slower aircraft. 
Previous solutions to this problem have Involved the use of auxiliary 
engines, such as turbojet engines, during acceleration and slow speed 
operation. This solution, however, adds weight to the aircraft and increases 
vehicle cost. 

Many missile or aircraft types have been designed to fit the restraints 
of a particular mission or a particular launching system and nra not 
adaptable to general use. Therefore, as the launch vehicle changed, or 
as the mission changed, it was often necessary to redesign the missile or 
aircraft which was not cost effective. 

P''ior art aircraft or missiles using scramjets or ramjets have not 
taken advantage of integration of the engine and airframe and have been 
less efficient as a result. Thus, a prior art aircraft would weigh more 
for a comparable range than an engine-airframe integrated aircraft and 
would require a heavier launch platform and heavier booster. 

It is therefore an object of the present invention to provide an 
engine-airframe integrated hypersonic airbreathing venirle which will 
weigh less for u con:parable range than prior craft. 

An additional object of the present invention is to pi'ovide a 
hypersonic airbreatiiing vehicle that is highly maneuverable and still 
capable of long range at hypersonic speeds. 

A further object of the present invention is to provide a hypersonic 
airbreathing vehicle that is adaptable to general use and may be used for 
more than one type of mission. 

SUViM ARV O F THE INVENTION 


According to the present invention, the foregoing and other objects are 
attained by providing a hypersonic aiibreathing vehicle fabricated of a 
structural material with a high heat sink capacity. The hypersonic air- 
breathing vehicle is propelled by engine-airframe integrated dual mode 
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scramjet engines. The exterior of the fuselage Is covered with a thermal 
protective shield, for long range missions, and the interior of the fuselage 
is lined with an insulating blanket. 

Severe thermal conditions will be encountered by a vehicle during 
hypersonic flight. To withstand these severe conditions a material with i 
high heat sink capacity, high conductivity, hig|h ratio of strength to 
weight, and high ratio of stiffness to weight fs used as fuselage structural 
material in the presunt invention. One material with tiie >equircd char- 
acteristics that is used in the present invention is beryllium. Another 
material with the re'-,jircd characteristics that is used for portions of 
the present invention Is an alloy of 38 percent aluminum and 62 percent 
beryllium. 

To ensure that the structural temperatures do not exceed operational 
temperature limits of the heat sink stiuctural material on long duration 
flights, the exterior of the fuselage is covered with a thennal protective 
shield. 

The present invention uses a design concept wherein the airframe and 
the dual mode scramjet engines are integrated. Tiie engine-airframe 
Integration utilizes the flat lower portion of the fuselage forward of the 
dual mode scramjet engines to precompress air for the dual mode scramjet 
engines and the flared lower after portion of the fuselage to serve as an 
expansion nozzle for the dual mode scramjet engines. The engine-airframe 
integration results in a hypersonic airbreathing vehicle that is more 
efficient and more maneuverable and lighter in \;eight than comparable 
prior art vehicles. 

^^RLPTJON OF THE DR AWING S 

A more complete appreciation of the invention and many of the attendant 
advantages thereof will be readily apparent by reference to the following 
detailed description when considered in connection with the accompanying 
drawings wherein: 
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FIG. 1 is a perspective of a hypersoi»ic aitbreathing vehicle according 
to the present invention with the dual mode scrairjet engines mounted on 
the lower fuselage; 

FIG. 2 is a sectional view of the fuselage on a lecwaid *urface of the 
hypersonic airbreathing vehicle shown in FIG. 1 showing the heat sink 
structural material, the external thermal protective shield, and the internal 
insulation blanket; 

FIG. 2a is an exploded sectional view of the thermal protective shield 
on a windward surface; 

FIG. 3 is an enlarged perspective view, partially in section, of the 
dual mode scramjet engines which power the hypersonic airbreathing vehicle 
shown in FIG. 1; 

FIG. 4 is an axial front-end-on perspective view of the hypersonic 
airbreathing vehicle shown in FIG. 1; 

FIG. 5 is a side view of the hypersonic airbreathing vehicle shown in 
FIG. 1 with launch booster attached; 

FIG. 6 is a top view of an alternate configuration of the present 
invention employing "aniipit" mounted engines; 

FIG. 7 is an axial front-end-on view of the hypersonic airbreathing 
vehicle shov;n in FIG. 6; and 

FIG. 8 is a pictorial perspective showing two possible mission ap- 
plications for the hypersonic airbreathing vehicle of the present invention. 

DE SCRIPTI ON OF TH E PREFERR ED EM^DIM^T 

Referring now nwre particularly to the drawings and specifically to 
FIG.l, there Is illustrated a preferred e«nbodimcnt of the present invention 
as it would he used in a hypersonic airbreathing vehicle and as desigriated 
generally by the numeral 10. As shown therein, vehicle 10 has a fuselage 11, 
a nose cone 12, wings 18, horizontal stabilizers 16, a vertical tail 14, 
and dual mode scramjet engines 20. 

Referring now to FIG. 2, the fuselage 11 of vehicle 10 is basically 
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constructed of a material 54 with a high heat sink capacity. Heat sink 
nHitorlal 54 Is covered with an external thermal protective shield 50 and 
lined with an Internal thermal Insulating blanket 52. In the preferred 
embodiment, heat sink material 54 used for construction of fuselage 11 is 
Lockalloy. a tradename for a material developed by Lockheed Aircraft, which 
Is an alloy of 62 percent beryllium and 38 percent aluminum. Beryllium, 
another material with a high heat sink capacity. Is used as the heat sink 
material 54 In wings 18, horizontal stabilizers 16, and vertical tall 14, 
because of potentially high heating rates. Beryllium and Lockalloy, In 
addition to a high heat sink capacity, both display high strength, high 
heat conductivity, and high stiffness. The high heat conductivity feature 
Is desirable to prevent stress buildup due to potentially uneq;ial heating 
rates. The high stiffness and structural material thickness allows the 
fuselage to be constructed without Internal support spacers In the short 
range version of the missile. 

The hypersonic vehicle 10 flies at a positive angle of attack, hence 
the upper surfaces of vehicle 10 will be on the “leeward'' side of the vehicle 
10. The thermal protective shield 50 on the leeward surfaces consists of 
alternate layers of dimpled and layers of flat titanium sheets 56, welded 
at the crests of the dimpled sheets to form a sandwich type structure. 

Pressure loads are transmitted tnrough thermal protective shield 50 to heat 
sink structural material 54 with negligible deformations to thermal protective 
shield 50. Thermal protective shield 50 is attached to the exterior of 
heat sink material 54 by conventional means such as v;eld1ng, fusing, bolting, 
etc. In the preferred embodiment thermal protective shield 50 Is attached 
to heat sink maU?rial 54 by welding. Sections of thermal protective shield 
50 are not necessarily airtight and thus, may be vented to the atmosphere. 

Radiation equilibrium temperatures are more severe or) the hyperson’c 
airbreathing vehicle's 10 v/indward or lower sut^fact*, so a bimetal thernial 
protective shield 57, shown In FIG. 2a, Is used on these surfaces. Bimetal 
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thermal protective shield 57, is manufactured ot titanium 56 and Inconel 
58. Inconel 58 is a tradename for an alloy of 15.5 percent chromium, 1 
percent cobalt, 2.5 percent titanium, 7 percent iron, 72 percent nickel, 
and 2 percent other metal. A mechanical interlocking of dissimilar r.ietals, 

5 such as titanium 56 and Inconel ^8, is accomplished by use cf a bimetal 
layer 61, as shown by arrows in FIG. 2a. Bimetal layer 61 is formed by 
simultaneous dimpling of a sheet of each metal. Inconel 58, and titanium 
56. One metal thickness is removed from each side of bimetal layer 61 at 
the dimpled crests 59 thereby exposing similar metals for attaching to an 
10 adjacent layer by conventional nreans such as welding or fusing at dimpled 
crests 59. Welding is used to nvike the attachment in the preferred 
embodiment. Except for the welded points at diiirpled crests 59, the Inconel 
j 8 and the titanium 56 dimpled sheets in bimetal layer- 61 are not otherwise 
attached to each other, but are merely in contact with each other. Above 
15 bimetal layer 51 the dimpled and flat sheets are Inconel 58, and below 
bimetal layer 61 tne dimpled and flat sheets are titanium. Use of Inconel 
58 for a portion of the thermal protective shield 57 provides increased 
resistance to heat necessary on windward surfaces. 

An insulating blanket bz of quartz fiber material, shown in FIG. 2 is 
20 attached to the interior of heat sink material 54. Insulating blanket 52 
is designed to limit heat leakage to interior components. 

The dual mode scramjet engines, designated generally by reference 
numeral 20, are shown in FIG. 3. Air is taken into the scramjets 20 
through inlets 22. An alkylated bo*'une fuel is added at fuel injection 
25 struts 30 and burned at a combustor 28. The exhaust gases leave the 

scramjet engines 20 at exhaust nozzle 26. The vehicle airframe and scr-amjet 
engines 20 are integrated such *hat the flat lower portion 13 of fuselage 
II precoirpresses the air enteri.ig scramjet inlets 22. Low placement of wings 
18 as shown in FIG. 4, also contributes to the precompression of air at 
30 scr-amjet inlets 22. As angle of attcT^ vehicle 10 incr-eases, engine- 
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airframe Integration ensures that a larger portion of the air entering 
scramjec Inlets 22 Is p re compressed. Thus, for ">ode$t angles of attack, 
the thrust In the flight path direction actually Increases faster than 
drag. This results In high turn rate capaLlllty and means that vehicle 10 
could actually accelerate in turns requiring sinall angles of attack. 

Hypersonic vehicles require engines with e '^aust nozzles wUli high 
expansion ratios of two or greater. Such nozzles, however, add a significant 
amount of drag to hypersonic vehicles. Another aspect uf cnglne-alrtrame 
■•ntegratlon in the present Invention Is th«it the lower fuselage afterbody 26 
Is shaped to function as a high expansion ratio nozzle. Thus, the 
fuselage afterbody 26 serves as a nigh expansion nozzle without adding 
additional drag. 

FIG. 4 shows an axial front-end-on view of vehicle 10 Illustrating the 
relative positions of scramjet engines 20, wings 18, horizontal stabilizers 
16, and vertical stabilizer 14. Scramjets 20 are mounted low oi. the "D" 
shaped fuselage 11 to take inaxi num advantage of precompression of air 
provided by flat lower portion of the fuselage 13, Wings 18, mounted low 
on fuselage 11, also contribute to precompresslon of air arriving at 
scramjet 20. An additional advantage of low, thin wings 18 is that they 
give a reduced radar picture. Low aspect ratio of the wing also enables 
wings 18 to better withstand the high stress of maneuvers. Veitical stabi- 
lizer 14 and horizontal stabilizers 16 are "all flying surfaces", that Is, 
the v;hole surface pivots for control purposes rather than just a portion of 
the surface. 

After launch, from an airplane or other launch platfonn. a rocket 
booster 40, shown in FIG. 5 is used to acceleraie the vehicle 10 to the 
speed necessary to operate scramjet engines 20. Staging, vehicle 10 
separation from rocket booster 40, would occur at about Mach 4. 

FIG. 6 and FIG. 7 show, respectively, c top and front view of an 
alternate embodiment of a hypersonic airbreathing vehiCie as generally 
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deslijnAted by reference numeral 36. In this embodiment, scra'njet enylnes 
34 are mounted ’’annpU*' fasnion utulei tne wings 18. This eiibodliienL also 
uses a ventral fin 3?. 

FIG. 3 Illustrates two possible mls-Ions tor the hypersonic vehicles 
of the present Invention, an ilr-to-alr Intercept, shown by Might path 43, 
and an a1r-to-surf<*ce application, shown by tllghl paths 47 and 48. .n 
the air-to-air mission a target aircraft 44 Is detected l.y a ladar picket 
aircraft 42. Launch aircraft 4i launches the vehicle 10 (or 36) which is 
accelerated by booster 40. After staging, vehicle lo accelerates to 
cruise speed and cruise altitude until it reaches the vicinity of target 44. 

The air-to-ground scenario Is roughly the same as for the air-to- 
air mission except the last portion of flight path 48 In the air-to-ground 
mission ray be an unpowered glide; to extend the range of the vehicle 10 
to target 46. 

It Is thus seen that a hypersonic airbreathing vehicle according to 
the present invention Is highly maneuverable, cap^'ble of long ranges at 
hypersonic speeds, weighs less than comparatlo prior art vehicle^, and is 
capable of multi-mission use. Tne novel enginc-uirtrame integration prr- 
compresses the air entering the dual node scrarr’et inlets 'esuUing In a 
:norfc efficient engine. Thus, as the hyp'ersonic airbreathing vehicle banks 
into a turn and the angle of attack increases the orecompression of air 
entering the dual mode scramjets is even greater and the vehicle can ar.tu.Mly 
accelerate in a turn and is very nioneuverable. The afterbody fuse lag. 
functions as a nozzU for the dual mode scranijet engines, eliminating the 
drag normally associated with a high expansion nozzle used for hypersonic 
airbreathing vehicles, again increasing the engine efficiency, reducing tne 
weight and Increasing the range and manouverabll ity. 

The high heat sink capacity fuselage structur<ii material is able to 
absorb a large amount cf heat with only a small temperature rise. Thus, the 
present invention constructed of this material is able to function in the 
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extreme conJIHons entouiitet ed at hypersonic speeds. The thenwl protective 
shield extends tite rcn^c of the hypersonic airbreathlny vehicle by extenuir.g 
the time the vehicle can travel at hype<^sonic spends Kithout exceeding the 
tomperaturf limits of the heat sink material. 

The dual mode scrairjet engines function efficiently at both supersonic 
and hypersonic speedsand allow the hypersonic girbreathing vehicle of the 
pmsent Invention a wide range of speeds. Tne use of a dual mode scramjet, 
rather than two different type engines for low spetJ and high speed, as in 
prior art results in lighter weight, iience greater range and maneuverabil Ity 
for the vehicle. 

The highly efficient hypersonic airbreathing vehicle described in 
the prusent invention because of Us lightweight, long range, and nigh 
maneuverability is available for use in a wide variety of aerospace and/or 
comb ‘ tN.»sii)ns, and can deliver any suitable payload or warnead. 

it will bo understood that the foregoing description is of the preferred 
embodiments of the invention and is therefore merely representative. 

Obviously, there are man> variations and mollifications of the present 
invention in light of the above teachings that will bo reaaily apparvi.t to 
those skilled in the art. For example, while the preferred embodloient uses 
Lockalloy for some uoinponents and beryllium for other components, the 
entire hypersonic vehicle could be conatructed of Lockalloy or beryllium, or 
other heat sink material. Also, on short range tactical missiles, the 
thermal protective shield would not be necessary. It is therefore understood 
that within the scope of the appended claims the invention nay be practiced 
otherwise than as specifically described. 

What is claimed as new and desired to be secured by Letters Patent of 
the United States is: 


30 
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AB STRA CT OF THE OlSCLCSURt 

A hypersonic airbfeathlng vehicle Is disclosed which uses an engine- 

airframe Integrated dual mode scramjet engine tor propulsion. The fuselage 

Is constructed of a mate.'fal with a high heat slnV capacity and Is covered 

5 with a thermal protective shield and lined with an Internal Insulating 

blanket. The fuselage Is Integrated with the dual mode scramjet engines In 

* 

that the flat lower portion of the fuselage precompresses the air entering 
the scramjet engines, and the afterbody of the fuselage functions as a 
nozzle for the scramjet engines. 
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